The calculation of the curves of acid-base titrations in non-aqueous media is difficult, because the number of equilibria involved is often quite large. Depending on the nature of the solvent and the compounds titrated, many equilibria have to be taken into account.
If there are N equilibria and'M compounds taking part in these equilibria, a matrix V with N rows and M columns can be introduced, Vii, containing the stoichiometric coefficient of compoundj -in reaction i. VI, must be taken positive if compoundj is a reactant in reaction i, and the unknown Xi is the reaction extent of equation i). cj, depending upon z, represents the required equilibrium concentration of compound j, and V is the given matrix as described.
One may assume that :
M>N rankof V=M
If this is not the case, the reaction equations should be dependent.
To solve this set of equations the method of Newton is used. (N.B. : A vector is marked with an underlining.)
Linearization
Suppose a guess 2 (with corresponding z=co-V'g) is available for the unknown x_. Developing f(x) around E : or Z= -VC-' V T with C a diagonal matrix (Cli = Z,).
The linearized set of equations is: 
VC-l V=dz =I(%)
It
Initial guess
The only requirement for the initial guess s(O) is that the corresponding concentrations c(')=co -VT~(') satisfy the relation k')>Q. At first g(O) is set zero, and consequently t:
--UN= co. Either a , = 0 and p,# 0, or di # 0 and /I, = 0. By putting x{") =*(ari -/3,) the concentrations are changed in the right direction. At present all the concentrations which have been met in equation i, are positive. The process is repeated until all the concentrations are positive. This is the case after maximal N steps.
N rtmericcd aspects
It has been shown that the matrix 2 = I/C-' I/' is regular in the whole region c>O.
From Finally the concentrations are calculated from the reaction extent _x and the original matrix V, precipitate formation being neglected. In this case it is possible that a concentration, corresponding to a precipitate, is negative; a warning is then printed. This means, in fact, that precipitation does not occur or that a compound which is added in the initial mixture dissolves completely and the corresponding equilibrium should be omitted from the list of equilibrium equations that describe the system.
PROGRAM DESCRIPTION
The program used is shown in the Appendix.
The data are put on cards, consecutively, apart from blanks. With regard to the input formats, the following rules should be respected.
Equations. The "equations" have to be closed by '*' and separated by ' ;'. It is advisable to take a new card for each equation. An "equation"
consists of: "left-side", '=', and "right side". A (left or right) "side" consists of one or more "terms", separated by '+'. A "term" is the combination of a stoichiometric coefficient and the chemical formula of a compound in the chemical equilibrium.
It thus consists of a "coeflicient" (a digit from 1 to 9 ; if the coefficient = 1, it can be omitted), and the "name of the symbol", representing a compound.
In the case of a precipitate or solvent, the name is followed by the '"/-sign.
A "term" can be preceded and followed by blanks. The "name of the symbol" exists of letters (A-Z), digits (l-9) and '), or '(,, but it must not begin with a digit. 
Detailed program description
Read-in the reaction equations. The procedure READC reads in a character and prints it. If NCHAR (= the number of read-in characters)
is a multiple of 80 (= the number of columns on a card) a line is Printed-According to the definitions of the concepts "Name of Symbols", " Term"and "Side", there are the procedures NAME, TERM and SIDE to read in these quantities.
At the entrance of NAME the first character has been read-in already, and has been put in CHAR. All the three procedures read-in upto and including the first character which does not belong to the definition ; at the exit this character has been placed in CHAR. While reading, the syntactical rules are checked thoroughly. In the procedure SIDE the matrix I/ and the vectors TSYMB and TPREC are filled.
Read-in the initial concentrutions. processing has to be delayed until a further round and the variable READY is set zero. If in a round no x(i) has been changed (in that case the variable FIRST is still zero), while only some concentrations are equal to zero, the set of reaction equations or the list of starting ma.terials, is wrong : some equations do not take part in the equilibrium.
Iteration. Initially a test is made to ensure that the rank of V = N. This is the case, when the matrix VVT (taking into account precipitates)
is not singular. The process is then carried out according to the mathematical description. For 11111 the maximum norm is used. If for allj the relative correction of ci e to1 c, then the process is ended. After ITMAX (= 50) iterations, the process is stopped and an error message is printed. likely that there are too few starting materials; 3 1 the reaction equations are dependent ; 32 the matrix 2 = VC-' VT proves to be singular by loss of significance ; 33 after ITMAX iterations, the process has not been ended.
List of errors code

Restrictions und possibilitiei for modifications The number of characters of a symbol, the number of equations and the number of compounds is restricted to 20. Each of these maxima can be easily changed (by modifying LMAX, NMAX and MMAX).
The maximum number of iterations (ITMAX) and the relative tolerance of cT0LC can also be easily modilied. If for one system many computations have to be made, e.g. with different initial concentrations and/or with different equilibrium constants, a slight modification ofthe program must be made. The final reaction extents of one calculation can be used to calculate the initial guess of the concentrations of the next by the use of eqn. (4).
When in the calculation of titration curves the dilution effect must be taken into account, it is necessary to correct the reaction extents by the dilution factor before using them in the calculation of the initial guess of the concentrations in the next point of the titration curve.
It is also necessary to prevent occurrence of zero concentrations in the initial guess. This can be done by replacing these zero concentrations by a very small concentration. Equil. cont.
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The results of the calculations are given in Table I , and a comparison with the results of Tanaka and Nakagawa7 is given in Table II (1972) 
